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Description 



Photovoltaic component and production method th erefor 

The invention concerns an organic component comprising an improved top electrode and a 
production method therefor. 

Photovoltaic elements typically having the following cell structure are known for example from 
2002P14485DE: 

Disposed on a substrate is a positive electrode (typically ITO, indium tin oxide). Disposed 
thereon, as an intermediate layer where appropriate, is a hole-conducting layer, made, for 
example, of PEDOT with PSS as the anion. The adjoining layer is an absorber, i.e., a 
photovohaically active material, usually an organic semiconductor (e.g. a mixture of conjugated 
polymer with fullerene). This is followed by the negative electrode, the cathode (for example 
Ca/Ag or LiF/Al). Used as cathode materials heretofore have been non-noble metals such as 
calcium, barium, lithium fluoride, or similar materials having a low work function. These 
electrodes are produced by vapor-deposition or sputtering. However, the sensitivity of these 
cathode materials demands that, for best results, layers made from them must be produced in a 
vacuum. 



The use of a vacuum-applied top electrode as the cathode is usually undesirable for several 
reasons, for one thing because a vapor-deposition process step conducted in a vacuum is cost- 
intensive, and for another because from a production engineering standpoint it is slow and 
maintenance-intensive. 

The object of the invention is, therefore, to make available an organic photovoltaic component 
that includes at least a substrate with a bottom electrode, a functional layer and a top electrode 
and that can be produced without a vacuum production step. 
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The invention is directed to a photovoltaic component comprising a top electrode made of 
predominantly organic material. The invention is further directed to a method for producing a 
photovoltaic component, wherein applied to a substrate is a bottom conductive functional layer 
(electrode), thereon a semiconductive, photovoltaically active functional layer, and finally a top 
organic conductive functional layer is applied to the semiconductive, photoactive functional layer 
[syntax sic]. 

The term ^^photovoltaic component" denotes any component having a semiconductive, 
photoactive functional layer and a bottom electrode made of organic or inorganic material; a 
semiconductive, photovoltaically active functional layer; and a top conductive functional layer 
(electrode) made of predominantly organic material. 

In one embodiment, the top electrode is formed of semitransparent material and the substrate thus 
no longer need exhibit any transparency, since the photons strike the semiconductive, 
photovoltaically active functional layer through the semitransparent top electrode. In this case, 
the expensive material ITO, which has heretofore been used primarily as a substrate and/or 
bottom electrode because of its electrical properties and transparency, can be replaced by a 
cheaper material such as, for example, Al, Ti, Cu or other metal sheets or foils. 

In one embodiment, an inverted structure is created, i.e., replacing the known top cathodic 
electrode made of non-noble metal with an organic conductive material (which in this case is not 
semitransparent, but opaque) reverses the direction of current, so that here, in the case of an ITO 
(indium tin oxide) layer as the bottom electrode and/or the substrate, the top electrode is the 
positive electrode and the negative electrode is on the substrate side. 

In one embodiment, the organic photovoltaic element is constructed with the following organic 
materials: 

Applied to a substrate composed of ITO is a semiconductive layer, for example a P3HT:PCBM 
(poly(3-hexylthiophene):[6,6]-phenyl Cei butyric acid methyl ester) mixture (low bandgap). 
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which forms the photovoltaically active functionally layer. This is followed by an organic 
conductive functional layer, for example of PEDOT. 

The term "organic material" and/or "functional polymer" herein encompasses all types of 
organic, metalorganic and/or inorganic synthetic materials, which are denoted in English, for 
example, by the term "plastics." This includes all types of materials except for semiconductors 
used for conventional diodes (germanium, siHcon) and typical metallic conductors. Thus, no 
limitation is intended in the dogmatic sense to organic material as carbon-containing material, 
but rather, the widespread use of, for example, silicones is also contemplated. Furthermore, the 
term is not intended to imply any limitation with respect to molecular size, particularly to 
polymeric and/or oligomeric materials, but rather, the use of "small molecules" is also by all 
means possible. 

In one embodiment of the method, the organic electronic photovoltaically active element can be 
produced by the following process steps: 

First, a semitransparent substrate, for example an ITO substrate, is coated with the 
semiconductive organic material. The coating is preferably done by techniques suitable for mass 
production, such as printing, spin coating or the like. The top electrode layer, preferably made of 
conductive organic material, is also preferably applied to the semiconductive functional layer by 
means of printing techniques. 

In one embodiment, the production of the top electrode layer is followed by the imprinting of 
leakage connectors, for example of silver conductive paste, to reduce ohmic losses. Alternatively, 
carbon screen-printing pastes, for example, can be used, but it is also conceivable to produce the 
conduction paths by low-cost metallization, such as sputtering or vapor deposition. 

The term "organic electronic photovoltaically active component" herein denotes, for example, a 
solar cell, a photodetector, or any other type of electronic module that has a photovoltaically 
active functional layer as its essential element. 



The invention is described in more detail hereinbelow with reference to an exemplary figure that 
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shows a schematic rendering of an organic photovoltaically active element. 
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Applied to the substrate 1, which can be made, for example, of thin foil or thin (ultra-thin) glass, 
is the bottom electrode 2, which can for example be made semitransparent, from ITO, or non- 
transparent, from metals such as aluminum, chromium, molybdenum, copper and/or zinc. 
Applied to this bottom electrode 2 is the semiconductive layer 3, which is photovoltaically 
active, can be formed of organic or, altematively, metaUic or hybrid material, and preferably has 
good solvent processability. This layer is followed by the top conductive functional layer or top 
electrode 4, which can be implemented as semitransparent or as fully absorptive. 

A suitable photoactive layer is known, inter alia, from US 5,454,880 and US 5,333,183, and can 
include one or more semiconductive synthetic materials, which can be present in monomeric, 
oligomeric and/or polymeric form, as well as inorganic particles and/or nanoparticles. A mixture 
of two or more conjugated organic synthetic materials, inorganic particles and/or nanoparticles 
having similar or different electron affinities and/or similar or different bandgaps can be present. 

Thin layers of organic molecules, oligomers and molecular mixtures can be produced, for 
example, by thermal vapor deposition or chemical/physical vapor deposition (CVD). 

Thin layers of conjugated polymers and mixtures containing conjugated polymers can be 
produced by spin-coating, but also by other common printing methods such as, for example, 
screen-printing, Inkjet printing, flexo printing, gravure printing, letterpress printing or 
planographic printing (or other/similar solvent deposition processes). If polymers are used, these 
layers can also be deposited on flexible substrates. 

Examples of typical semiconductive conjugated polymers include polyacetylene (PA) and 
derivatives thereof, polyisothianaphthene (PITN) and derivatives thereof, polythiophene (FT) and 
derivatives thereof, polypyrrol (PPr) and derivatives thereof, poIy(2,5-thienylene vinylene) (PTV) 
and derivatives thereof, polyfluorene (PF) and derivatives thereof, poly(p-phenylene) 
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(PPP) and derivatives thereof, poly(phenylene vinylene) (PPV) and derivatives thereof, as well as 
polyquinoline and derivatives thereof, polycarbazole and derivatives thereof, [and] 
semiconducting polyaniline (leucoemeraldine and/or leucoemeraldine base). 

Examples of acceptors in donor/acceptor polymer mixtures include but are not limited to 
poly(cyanophenylenevinylene), fuUerenes such as C60 and its functional derivatives (such as 
PCBM, PCBR) and organic molecules, organometallic molecules or inorganic nanoparticles 
(such as, for example, CdTe, CdSe, CdS, CIS). 

In addition, any solar cells that are used can also be constructed in two separate layers in which 
the donor is spatially separated from the acceptor (e.g., PT/C60 or PPV/C60). 

The invention concems an organic component comprising an improved top electrode and a 
production method therefor. The top electrode is made of organic material that is preferably, but 
not necessarily, applied by means of printing techniques. The organic material makes it possible 
in one case to fashion the upper electrode as semitransparent and thereby use an inexpensive non- 
transparent electrode instead of ITO as the bottom electrode, and in the other case, where the top 
electrode is non-transparent and opaque and the bottom electrode is semitransparent and made of 
ITO, to create a photovoltaic component with an inverted structure and reverse current flow, 
since the top electrode then becomes the positive electrode. 
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